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By James ¥. Connors and Richard R. Woollett

SUMMARY

An Investigatlon to evaluate the over-all performance character-
istics of several annular nose inlets was 'conducted in the Lewls 2- by
2-foot supersonic wind tunnel at a Mach number of 3.85. The four experi-
mental configurations consisted of a one-cone, a one-cone (low-angle
cowl), & two-cone, and an isentropic inlet. Over an angle-of-attack
renge from 0° to 9°, complete pressure and three-component force data

were recorded.

* CZ-1

For application In a hypothetlical ram-Jet engine at zero angle of
attack, the lsentroplc inlet indlcated the best over-all performance on
the basls of specific fuel consumptlon and propulsive thrust as a result
of its abillty to attaln a high total-pressure recovery without pro-
hibitive extermal drag. The one-cone (low-angle cowl) inlet had the
smallest externsl drag and was compsarable in performance with the
two-cone inlet. At the low Reynolds number of the present tests, the
appllcation of roughness on the spike tip of both the two-cone and the
isentroplc inlets eliminated laminar-boundary-layer separation and
effected a reduction In the external drags through reductlions in mass-
flow spillage.

For the one-come Inlet with varylng degrees of supersonlc mass-flow
splllage, the experimental values of additive drag agreed quite well
with theoretical predictlons. At angle of attack, theory tended to
underestimate the pitching-moment coefficlent, the normal force
coefficient, and the angle-of-attack drag rise, particularly at the
higher angles.

INTRODUCTION
For asppllcation at a partlcular Mach number, the alm of good Inlet

design 1s the attainment of a high total-pressure recovery and a low
$ extbernal drag. Often it ls found that there 1s a confllict between these
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obJectlves and one can be achieved only at tThe expense of the other.
Consequently, a compromise between the Internal and external flow
geometries must be made. Currently, only limlted date are available
on diffuser performance at Mach numbers greater than 3.0. Therefore,
in order to obtaln further insight into the criteria involved in the
design of high Mach number diffusers, the NACA has undertaken an
experimental research program that Includes the investigation of the
various conventlonal ennular nose inlets at a Mach number of 3,85.

The initial phase of thls research, whlch 1s primarily concermned
with the dliffuser characteristlcs of pressure recovery and mass flow,
is reported in reference 1. The second phase of the research, covered
in the present report, 1ls concerned chlefly wilth the drag aspect of
high Mach number Iinlets. Accordingly, the experimental Investigation
was directed toward (1) the determination of the aerodynamic forces
and moments acting on the various Inlet configurations over a wide
renge of angles of attack, (2) the evaluation and component breskdown
of the external drags &t zero angle of attack, and (3) the determina-
tlon of additive drag coefficlent as a function of supercritical flow
splllage behind & conilcal shock.

The experimental configurations (the same as those used in ref. 1)
were axlally symmetrlc annular nose inlets employlng single-shock- and
multishock-generating centerbodles, or, more specifilcally, one-cone,
two-cone, and isentroplc Inlets. Pressure and three-component balance
(normal-force, axlal-force, and pitching-moment) measurements were
obtalned for each configuratlon operating over a range of angles of
attack from 0° to 9°.

SIMBOLS

The following symbols are used throughout this report:

A model flow area, sq £t

Apex meximum frontal area of model

Aq maximum capture areas defined by cowl-lip dlameter, sq ft
Ca axlal-force coefflclent, axial force/qOAmax

Cp drag coefficient, D/qoA .x

Cp thrust coefficient, F/qgh .-
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propulsive thrust coefficient, (F - D)/q_oAmax
piltching-moment coefficient, NX/qpArax
normal force coefficlent, N/qpA -y

drag, 1b

thrust, 1b

fuel-alr ratio

over-all length of model (from spike tip to base), ft
Mach number

mess-flow rate through free-stream tube area equal to A,,
slugs/sec

mass-flow rate through englne, slugs/sec

normal force, lb

total pressure, 1b/sq £

statlc pressure, 1b/sq £t

dynemic pressure, ypMZ/2, 1b/sq Tt

center of pressure location (measured from base), £t
angle of attack, deg

ratio of speclific heats for sair

kinetic energy efficlency defined as ratlo of kinetic energy
available after diffusion to kinetic energy 1n free stream,

y-1
Lz (P_O) 7.
(y - 1)M2 | \P3

cowl-position parameter, angle between axis and line from
spike tip to cowl 1lip, deg
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Subgcripts:

a additivel

c cowl pressure
<] external

T friction

0 free stream
3 diffuser exit
4 model exlt

APPARATUS AND PROCEDURE

The experimental Investigation was conducted 1n the NACA Iewis
2- by z-foot supersonic wind tunnel, which was operated at a Mach number
of 3.85 and at a simulated pressure altitude of approximately 108,000
Pfeot. The tunnel alr was maintalned at a stagnation temperature of
200°:5° F and at a dew-point temperature of -10°x10° F. Based on the
maximum dilameter of the cowl (5 in.), the Reynolds number was approx-
Imately 429,000.

As 1llustrated in figure 1, the experimental model, which utilized
an adjustable exlt plug to vary the Inlet back preasure, was baslcally
the same as the model of reference 1, with the exception of the three-
component force-measuring system. Detalls of the balance link are
revealed in the insert drawing on figure 1(a). Mounted on the flexural
members of the link are electric reslstance-wire strain gages, which,
comnected In bridge circults, provide the indlcations of axial and
normal forces and pitching moment. Some interaction of the force
components was encountered with thils balance 'system, but the effects
were accounted for in the calibration and eliminated from the data.
Tare forces acting on the base of the model &nd within the sting
balance chamber were determined and subbtracted out of the axlal-force
date.

Specifications of the varlious inlet configurations are presented
in coordinate form In table I and in the sketches of figure 1(b).
The one-cone inlet consisted of & 680°-included- -angle cone positioned

80 that, theoretically, the cowl lip would Just intercept the tip shock
emanating from the centerbody (design 6y = 44.90). A gradual rate of
turning of the flow back toward the axial direction with no internal

A SRR
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contraction was effected by the cowl, which was initially alined in the
locael stream direction. In an attempt to achleve & near-minimum cowl-
pressure drag, & second single-obligue-shock configuration, designated
the one-cone (low-angle cowl) inlet, was maede with a sharp turn at the
cone shoulder and & cylindrical Intermal contour on the cowl. As
described in reference 1, the application of local suctlion Ilmmedlately
downstream of the sharp turn was required for attached shocks to exist
at the cowl 1lp. This suction was accomplished by means of a double row
of 1/8-inch-diameter bleed holes on the centerbody, the inside of which
was vented to ambient tunnel pressure by measns of hollow centerbody
support struts.

The two-cone Inlet was designed with two conleal surfaces (40O
and 70° included angles) that would, theoretically, locate the resulting
shocks at the cowl lip. Additional flow compression was attempted by
applying the maximum permissible internal contraction (ref. 2) based on
an estimated average entrance.Mach number.

Of the four inlet configurations being considered, theoretlcally
the greatest amount of supersonic compression would be cbtained with
the isentroplc inlet, which utilizes & continuously curved centerbody
to produce the desired turning of the flow. In the theoretlcal charac-
teristics solution, the Mach waves were designed to focus at the cowl
1lip, the internal contour of which was initlally erranged in the local
Plow direction. The compression was to be carriled down to & final Mach
number of approximately 1.5 with no intermal contractlon.

In order to circumvent the difficulty of leminar-boundary-layer
separation encountered on both the two-cone and the isentroplc inlets,
an attempt was made to promote an artificlally induced transition
from a laminar to & turbulent boundary layer. This transition was to Dbe
accomplished by the application of tip roughness In the form of a
1/2-inch band of (number 60) carborundum grit.

Pressure instrumentation consisted of eight wall and rake statlc
orifices plus a 24-tube pitot rake at the end of the subsonic diffuser
(see fig. 1(f) of ref. 1). Static taps were located on the top, sldse,
and bottom of the base annulus. A static tap was also used to measure
the pressure inside the sting balance chamber, and three rows of
external wall stetlic taps were installed along the cowl on the top,
side, and bottom of each inlet configuration. 1In order to determine
the boundery-layer profiles along the external shell in the vicinlty
of the base, a traversing total-pressure probe mounted to the btunnel
wall was used to survey the flow field. A static orifice was also
located on the external shell in the survey plane.

The total pressure at the diffuser exit was determined through
an area-welghting of the pitot-rake measurements, whlle the mass flow
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passing through the model was calculated with the assumption of one-
dimensional flow from the average static pressure at the rake and the
sonlc dlscharge area. An integration of*the cowl statlc-pressure die-
tributiong ylelded values of cowl-pressure drag; friction drag was
obtained from the Integrations of boundary-layer-profile data, with a
constant statlc pressure and total temperature assumed throughout the
boundary layer. In the calculatlons of internal thrust, the evaluation
of the exlt momentum term was based on the pressure measurements at the
exit rake.

Cowl-pressure drags were determined only at zero angle of attack.
Otherwise, complete force and pressure data were recorded at angles
of attack of 0°, 3°, 6°, and 9° over a wide rangs of exit plug posi-
tions. A twin-mirror schlieren system provided a means of visual
observatlion of the inlet flow patterns under all test conditions.

RESULTS AND DISCUSSION

Before presenting the results of this investigatlon 1t should
be emphaslzed that these experiments dealt with the evaluation of
speclfic inlet geometries that were belleved to be representative of
the better designs within each category - that ls, one-cone, two-cone,
and lsentropic inlets. However, & certain smount of arbltrariness was
Involved in the designs, for example, 1ln the rate of turning ths flow
back toward the axlal directlon, in the rate of subsonic diffuslon, or
in the menmer of coplng with shock - boundary-layer Interactions.
Optimizatlion of the respectlive desligns, therefore, mey influence the
relative over-~all performances of thege Inlets. Further ressarch In
thies direction willl be necessary for final evaluation.

Internal-Flow Performance

Although the diffuser performance (internmel-flow) characteristics
of the several Inlet configurations were extensively detailed in ref-
erence 1, they are again included herein (fig. 2) for completeness and
because there were minor differences between the values obtained during
the force teste and those previously presented. Schlleren photographs
of the 1nlet shock structure during supercritical operatlon are also
included in the figures for angles of attack of 0°, 3°, 6°, and 9°.

In figure 2(g), the data are summarized by cross~plotting the optimum
points of each configuration in order to provide a relative comparison
of the various Ilnlets. At zero angle of attack the isentroplc inlet
had the highest total-pressure recovery (0.57), corresponding to &
kinetic-energy efflciency my, of 0.94, but fell off quite sharply with

increasing angle of attack untll at 7.5° the flow separated completely

3028
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off the lee side of the spike. This separation occurred with an attend-
ant hysteresis wherein the angle of attack had to Dbe reduced to approx-
imately 6.3° before an attached flow was reestablished. For angles of
attack greater then approximately 7°, the total-pressure recovery of the
two-cone inlet exceeded that of the isentroplc. On both the two-cone
and the isentropic spikes the application of tip roughness appeared to
eliminate the "bridging” (or separation) of the laminar boundary layer
due to the adverse pressure gradient and resulted in Improved inlet
pressure recovery and mass-flow ratio.

At zero asngle of attack the supsrcritical mass-flow ratio for the
one-cone inlet was varied fram 1.00 to 0.73 by controlling the amount
of flow spillage behind the conical shock through changes in the value
of the cowl-position parameter 6; from 45.5° to 42.5°. These changes

were accomplished by inserting spacer rings behind the cowl In order

to vary the splke-tip projection. The resulting diffuser performance
characteristics are presented in figure 3. With decreasing supercritical
mass-flow ratio, or equivalently increasing spillage, the maximum total-
pressure recovery decreased nearly linearly. Even with the conical shock
passing well shead of the cowl 1lip (87 = 42.5°), there was no indication

of any degree of subcritical flow stability as might have been expected
on the basis of the slipline criterilon of reference 3. The aerodynamlc
instabillity or buzz could quite feasibly have been triggered by a

local flow separation occurring internally on the centerbody (as illus-
trated in ref. 4), or in the vicinity of the terminal shock (as predicted
by the criterion of ref. 5), or both.

Force Measurements at Zero Angle of Attack

The force data Pfor the one-cone inlet at zero angle of attack with
geveral values of the cowl-posltion parameter 6; are presented 1in

figure 4, where the variatilons of internal thrust, propulsive thrust,
and external drag coefficilents with outlet-inlet area ratio are plotted.
On each set of curves are included the experimentally determined values
of cowl-pressure drag coefficient GD,o: the friction drag coefflclent

cD,f’ and the theoretical additlve drag coefflcient CD,a: as glven

in refersnce 6. Based on the experimental profiles, the boundary layer
along the external shell of the model was turbulent with a corresponding
skin-friction coefficlent of approximately 0.002. The heavy line repre-
gents a summation of the preceding components of the total external

drag. The data points for external drag are experimental values obtailned
by subtracting the propulsive (or net) thrust coefficients, as deter-
mined by actual balance measurements, from the internal thrust coeffi-
clents, as calculated from the change in total momentum across the engine.
As 1llustrated by figure 4, a very close agreement was obtalned between
the two methods of arriving at values of the extermal drag, that
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is, by component summations and by actual frrce measurements used in con-
Junction with internal pressure measurements. The extermal drag coef-
Piclent increased from 0.17 to 0.28 as 6; was changed from 45.5° to

42.5° or, correspondingly, as the capture masgs flow decreased from 1.00
to 0.73 (fig. 3). This drag increase essentlally represented the
additive drag contribution resulting from flow splllage behind the
conlcal shock. A comparison of the experimental and theoretical
additive drag coefficlents le presented In figure 5 as & functlon of
superoritical mags-flow ratio. These experimental values were deter-
mined by subtracting the measured cowl-pressure and friction drag com- _
ponents from the Intermal thrust. As shown, the data agreed rather well
with the predlctions of reference 6.

In figure 6 the force data are presented for the one-cone (low-angle
cowl), the two-cone, and the isentropic inlets at zero angle of attack.
Except for the two-cone with tip roughness and the one-cone (low-angle
cowl) Inlets, there was no theory readlly avallable for the estimation
of additive drage; and, therefore, the horlzontal lines of cD,e repre-

gent more or less mean values drawn through the balance data. The
theoretical value of Cp g 1isted for the one~cone (low-angle cowl)

inlet 1s somewhat approximate, in that the 1 percent of the maxlmum
capture mags flow my Involved in the suctlon process (ref. 1) was con-

sidered to have undergone & complete loss of momentum. The greatest
scatter in the data occurred with the isentropic inlets nesr the critical
condition; and, in these cases, the higher, more supercritlical values
were favored, because 1t was felt that the calculation of Internal thrust
might have been least accurate when the pressure measurements (which
egtablish M3) were made with an extremely low dynamic pressure dqsz.

A tabulation of the foregoing data (table II) provides a direct
comparison of the performance of the varlous Inlets at zero angle of
attack, The most significant result was the moderately low value of
external drag (CD,e = 0.18) achieved with the isentropic inlet with tip

roughness. An examination of the components of this drag showed a
relatively low cowl-pressure drag (associated with the fact that the design
allowed for & smell projected area on the cowl) and only a slightly greater
amount of additive drag than that for the one-cone Inlet at a comparable
mass-flow ratio. This additive drag coefficient for the lsentroplc inlet
with tip roughness amounted to much less than the value for complete
momentum loss, assumed as & maximum In reference 1, and wes also somewhat
less than the minimum calculated from the theoretical characteristlocs
golution ‘that had the Mach waves coalescing at the cowl lip. The total
external drag coefficlents for the ilsentropic wilith tlp roughness, the
two-cone with tip roughness, and the one-cone inlets were approximately
the same. As a consequence of a negligibly small cowl-pressure drag

3028
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(GD,c = 0.009), the one-cone (low-angle cowl) inlet exhibited the lowest
external drag (Cp ¢ = 0.09). Again, 1t 1s quite evident that for the

one-cone inlet the increase in external drag coefficient with decreasing
values of 6, was due almost entirely to the Increase in additive drag.

Over-All Performance Comparison at Zero Angle of Attack

In order to evaluate the over-all performance of the various inlet
configurations and to esteblish a basls of relative merit in which the
combined factors of total-pressure recovery, mass-flow ratio, and
external drag would be taken into account, the experimental values for
each inlet (table II) were incorporated into the calculations for
applicatlon to a hypothetlcal ram-jet engine. The assumed operating
conditions for this englne were as follows: flight Mach number of 3.85
at 80,000 feet altitude, crltical inlet performance at zero angle of
attack, 90-percent combustion efflclency, and complete exit-nozzle
expeusion. The 80,000-foot altitude used in this comparlison differs
from the actual simulated pressure altitude of the present experiments;
however, 1t was selected because it conforms to & more practical flight
condition, as indicated in recent ram-Jjet analyses. As a result, then,
the assumptlon is made that the Reynolds number effect would be negligibly
small, at least with respect to the relative performances of the various
Inlets. The results of these calculations are presented in figure 7 for
a range of fuel-air ratio f£/a. On the basis of specific fuel consumption,
the one-cone (low-angle cowl) inlet was comparable with the two-cone inlet
with tlp roughness, and the specific fuel consumption of the isentropic
Inlet with tip roughness was 8 percent lower than that obtained with either
of the preceding inlets over the entire fuel-air-ratio range. At a fuel-~
alr ratio of 0.03, the isentroplc inlet with tip roughness exhibited a
gspeclific fuel consumption approximately 20 percent lower than that of the
one-cone inlet. At f£/a = 0.03, the propulsive thrust of the one-cone
(low~angle cowl) inlet was 15 percent, of the two-cone Inlet with tip
roughness 28 percent, and of the lsentropic inlet with tip roughness
55 percent greater than that of the one-cone inlet. The values of pro-
pulsive thrust coefficient CF,p on this figure were based on A .-

for the engine, which was at the exlt. To permit conversion to any
other reference area, the ratio of Amax/AO was also Included.

Of the configurations studied, then, the lsentropic inlet with tip
roughness has the best performance at zero angle of attack in terms of
gpeciflic fuel consumption and propulsive thrust. These results are duse
to the attalnment of a high total-pressure recovery without prchibitive
external drag.

[Ny
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Angle-of-Attack Force Measurements

Force deta obtalned for each of the respective inlet configurations
at angle of attack are glven In figure 8, where the variations of axial-
force, normal force, and pitching-moment coefflclents are presgented as a
functlion of outlet-1nlet area ratio for angles of attack of 3°, 69, and
9%, In general, the plitching-moment coefflclent Cy was independent of

diffuser back pressure during supercritical operation and increased with
increasing angle of attack. There was considerable variation of the
normal force coefficlent Cy with supercritical values of A4/Al. This

mey be attributed in part to some distortion of the exit flow conditlons
due to local separation of the internal flow, which was illustrated by
the velocity profiles presented in reference 1 for angles of attack of
30 and above and which might have caused the mean exit flow direction to
be other then axial. Generally, however, the absolute level of Cy

increased with increasing angle of attack. Also included In the figures
are the values of axial-force (or thrust-minus-drag) coefficlents. The
magnitude of axlal-force coefficient Cp 18 not overly significent iIn
1tself, since it simulates the force corresponding to burning and choking
in & constant-area duct with a required heat release beyond the range of
present-day hydrocarbon fuels. For critical Inlet operation, the axlal
force decreased with increased angle of attack, as would be expected.

A comparison wes made between the angle-of-attack force data and
the theory of reference 7, modified for an open-nose body, by taking
into account the intermel-flow contributions. Piltching-moment coefflclents
(fig. 9) and normal force coefficients during critical inlet operatlon
(Pig. 10) tended to fall above the theoretical values, partlcularly at the
higher angles of attack.

Attempts to extract the externmal drag coefficlents at angle of attack
from the data were not very successful. The previously mentloned internal-
flow separation at angle of attack prevented a consistent calculation of
internal thrust based on the pressure data. Since the method of data
reduction involved a subtraction of the propulsive thrust (or thrust-
minus-drag) term from the intermal thrust, a large amount of scatter was
incurred. The resulting data points, along with corresponding bands of
experimental scatter, are presented iIn figure 11l. Also included 1s the
theoretical drag rise due to angle of attack (CD,e - CD,e,a:OO)' By way

of comparison, a composite curve drawn through the experimental data
indilcated the drag rise due to angle of attack to be much more rapid
than that predicted by theory. Based on these crude data, & speclfic-
fuel-consumption comparison of the various inlets appeared to lndlcate
that the 1sentroplc inlet would be superlor up to approximately 6° angle
of attack.

LGRS
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The experimental data, locating the center of pressure at angle of
attack, also exhlbited considerable scatter but appeered to fall fairly
well in the following bracket for &ll inlet conflguratlons:

X
0.45 > T > 0.60

where X 185 the distance of the center of pressure measured from the
base and L 1s the over-all length of the model (from spike tip to
base).

SUMMARY OF RESULTS

An experimental investigation to evaluate the over-all force and
pressure characteristics of four annular nose Inlets, designated the
one-cone, the one-cone (low-angle cowl), the two-cone, and the isen-
tropic inlets, ylelded the following results at a Mach number of 3.85:

1. At zero angle of attack, the isenbtropic inlet wilth tip roughness
ghowed the most promise of the inlet configurations studied, as a result
of its ability to attain a high total-pressure recovery (0.57) without a
prohibitive external drag (Cp = 0.16 based on the maximum cowl area) .
The performence of & hypothetical ram-jet engine utilizing this Inlet,
baged on specific fuel consumption and propulsive thrust, exceeded that
obtained with any of the other configurations up to an angle of attack
of approximately 6°.

2. At zero angle of attack, the low external drag obtained with the
one-cone (low-angle cowl) inlet (GD,e = 0.09) made 1t comparable with

the two-cone inlet with tip roughness on the basis of specific fuel
consumption and propulsive thrust.

3. At the low Reynolds number of these experiments, the applica-
tion of tip roughness on both the two-cone and the lsentropic inlets
resulted in slightly higher total-pressure recoveries and lower
external drags through reduced mass-flow spillage.

4. For the one-cone inlet with various degrees of supersonic mass-
flow spillage, the experimental values of additive drag were in good
agreement with theoretical predictions. In addition, the external drag
coefficients obtained by a summation of components agreed quite well
with those derived from the balance measurements.

5. At angle of attack, theory tended to underestimate the pitching-
moment coefficient, the normal force coefficlent, and the angle-of-attack
drag rise, particularly at the higher angles.

Lewls Flight Propulsion Laboratory
Netional Advisory Committee for Aeronautics
Cleveland, Ohio, October 7, 1953
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4.000] 1.958 |1.750| 2.368 |Aaricall 6.300| 1.862
£.200{ 1.960 |2.000| 2.360 6.800| 1.842
4.500{ 1.855 l Straight 7.100| 1.820
4.690] 1.947 taper
5.000{ 1.930 |5.750| 2.300 | 2.500
5.500| 1.898
§.000| 11l.880 Isentropic
6.370| 1.820 Totke oy
(A, 14.741) (B, 7.750)
Two cone X X z g v
) 0 0 2.240 | 2.240
Spike Cowl .500| .07s| .025f 2.262 2.272
(a, 9.852) (B, 5.750) 1.000| .145| .080] 2.277 | 2.291
b3 Y z [ ¥ 1.500] .216{ .100] =2.299 | 2.323
2.000| .284| .200| 2.328 | 2.370
®  letoatgnt] 100 o.308| o318 2.500| .357| .500] 2.346 | 2.404
l taper | .200| 2.239| 2.268 5.000| .436| .400] 2.358 | 2.432
s.a02| 1.504 | -s00| 2.269| 2.:18 s.500| .528| .600| 2.370 | 2.459
Stratgnt] .400| 2.295| 2.358 £.000] .624| .800| 2.576 | 2.492
L taper | .600| 2.530] 2.419 «.500| .742|1.000| 2.378 | 2.500
4.452| 1.85¢ | .800] 2.352| 2.459 5.000| .876 l Cylin- | Cylin-
4.552| 1.902 }1.000| 2.364| 2.483 5.500{1.031 drical | drical
4.652| 1.953 |1.250| 2.572| 2.497 €.00011.210/5.500| 2.578
4.752 1.993 |1.500| 2.375| 2.500 6.500/1.43515.500| 2.376
e 9s2| Z.05¢ l oriin. |cylin- 7.000|1.746|5.750] 2.370
s.152| 2.085 2 cal |drical 7.100{1.830|6.000] 2.360
5.352| 2.119 | 5.000] 2.575 7.200(1.922 l Straight|
5.602) 2.133 |3.250 | 2.372 7.30012.025 taper
5.852| 2.138 | 5.500| 2568 7.400{2.100{7.750| 2.300 | 2.500
6.102] 2.1% |3.750 | 2.365 7.50]2.157
6.352| 2.133 |4.000 | 2.359 7.600|2.158
6.852| 2.116 {5.750 | 2.300| 2.500 7.700)2.170
7.552| 2.085 8.000|2.178
7852 2.048 8.230(2.180
- .8.352| 1.997 9.00012.174
a.sss| 1.943 9.188(2.170
o z02| 1.e83 10.000 [2.153
o msa] 1820 11.000{2.113
12,000}2.060
" 15.000[1.994
14.000 [1.906
14.741{1.820

:
-

+



»y

TABLE II. - SUMMARY OF PERFORMANCE PARAMETERS FOR VARIOUS INLET CONFIGURATIONS

AT MACH RUMBER 3.85 ARD ZERO ARGLE OF ATTACK

Annular nose- Maximm Supercritical .Cowl—pressure Friction Additlve Total
inlet configuration | total-pressure mnass-flow drag drag drag external drag
Tecovery, ratio, coefficient, | coeffieclent, | coefficient, coefficient,
PS/PO m3/'0 cD,c cD,f CD,B. CDJ!
Ona-cone ¢
6; = 45.5° 0.317 1.00 0.129 0.043 0 0.17
44.9%(design) 311 .99 .127 .043 -003 .17
44.35° .298 934 .136 .043 .025 .20
43.7 .281 .865 132 043 .052 .23
43.1 207 .800 129 043 .08 .25
42.5 .235 .728 .128 .043 A1 .28
One-cone
(low-angle cowl) 0.30 0.925 0.009 0.044 0.037 0.09
Two-~cone 0.40 0.875 0.114 0.047 80.070 0.23
Two-cone with
tip roughness 44 -963 114 047 .008 17
Isentropic 0.565 0.91 0.065 0.05¢ 80.075 0.19
Isentropic with
tip roughness .57 .93 .074 .050 8,036 .18

ADesignstes experimental values for which there was no available theory to check against.
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NACA RM E53J09 15

Tunnel strut
and sting-

mounting
assembly

' Balance-link detail,
-7 . " ghowing strain-gage

CD-3128

(a) Schematic drawing of 5-inch-diameter model installed In Z- by 2-foot
supersonic tunnel.

Figure 1. - Experimental model.
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2.87"-sje— 4.625" —)

One~cone inlet

Double row of 1/8" holes
located immediately
behind breek

5.163"

Hole pattern One-cone {low-angle cowl) inlet

4. 552'—'—-r~—6 625" ————
4.330"5

#?<j\[§ J_E, | ¥ jg?

I 7.241" e 8.625" -«

Isentroplec inlet

(b) Inlet details.

Figure 1. - Concluded. Experimental model.
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Cz-3

Total-pressure recovery, Pz/Pg

Angle of attack,
a, deg
o 0
ju| 3
< 6
v ]
~~<- Pulsing flow
.4
.3 . o
=T p
_n—:;—ﬁi5'
]~ e ﬁ
b-1-3—T ¥ R
.2 —— = 2
-t -
1
.4 .5 .6 .7 .8 .9 1.0

Mass-flow ratio, m3/m0
(&) One-cone inlet.

Figure 2. - Effect of angle of attack on inlet performance.
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Total-pressure recovery, P3/P0

NACA RM ES53J09

Supercritical flow petterns at various angles of attack

Angle of attack,
o, deg
o) 0]
o 3
$ 6
v 9
~ -~ Pulsing flow
.4
.3 - ——
L= sdh
e =
7 C
.2 v
.1
4 - .5 .6 .7 .8 .9 1.0

Mass-flow ratio, m3/m0
(b) One-cone (low-angle cowl) inlet.

Figure 2. Continued
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Effect of angle of attack on inlet performance.
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CZ-3 back

NACA RM E53J09

Total-pressure recovery, Pz/Pg
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Supercritical flow patterns et various angles of attack

Angle of attack,
a, deg

o] 0

=] 3

< 6

v 9
—=-=-~ Pulsing flow

o
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—==V (T
oA )
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i //4‘/ P - ~ v
= P
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-7 |-
[ g
.4 .5 .6 .7 .8 .9 1.0

Mass-flow ratlo, mﬁ/mo
(e) Two-cone inlet.

Figure 2. - Continued.

b

Effect of angle of attack on inlet performance.
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Total-pressure recovery, P3/ Py

NACA RM E53J08

Angle of attack,

o, deg
(o) 0
.5 a 3
<o 6
v 9
-==- Pulsing flow — A
. 4=
—F =3
e
= 17 4 <
3 =" 7
A ol |
Z. A4
n
- 4
.2 - Q
S S B 7
Ry -
4 . 5. .6 .7 8 .9 ’ 1.0

Mass~-flow ratio, m5/mo
(d) Two-cone inlet with tip roughness.

Figure 2. = Continued. Effect of angle of attack on inlet performance.’
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- ___;7/-Flow separation
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(e) Isentropilc inlet

Figure 2. - Continued.

Effect of angle of attack on inlet performance.
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Total-pressure recovery, P;/P,

.3

Figure 2. Continued. Effect of angle of attack on inlet performance.

NACA RM ES53J08

attack

Angle of attack,
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Mass-flow ratio, mz/mg
(f) Isentropic inlet with tip roughness.
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Inlet configuration
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~ © Two-cone with tip roughness
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(g) Summary curves showing relative effects of
aengle of attack on performance of various
inlet configurations.

Figure 2. - Concluded. Effect of angle of 'sttack on inlet performence.
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Total-pressure recovery, P3/P0

NACA RM E53J08

B==ral

= 42.5°
Position parameter,
81, deg
(o] 45.5 ’
a] 44.9 (gesign)
< 44.3
v 43.7
A 43.1
p-| 42.5
4 == Pulslng flow
3 =40
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&~FL | P
_A—%” A y <> [
.2 41 d \ o O
L Al v
4
.1
4 5 .6 .7 .8 .9 1.0 1.1~

Mass—flow ratic, mz/mg

Figure 3. - Effect of position paramet

at zero angle of attack.

er on performance of one-cone inlet
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Coafflclant
Internal thrust, Cp
Fropulsive thrust, c,'p
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Additive drag coefficient, CD a
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NACA RM ES53J089

o Experimental
== Theoretical
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N\

N

LN

.6

7 .8 .
Supercritical mass-flow ratio
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1.0

Figure 5. - Comparison of experimental and theoretical
supersonic additive drags for one-cone inlet.
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Internal thrust, propulsive thruat, and esxternal drag coefficlents,
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Flgore 8. - Effect of angle of attack on aerodynamic force coefficlents.
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Aerodynamic force coefficlents, CA, CN’ and cM

Coefficlent
O Axial force, CA
Angle of O BRormal force, Cpy
1.2 ] a.ttgg];, s ¢ Pitching moment, Cy
3 — == Pulaing flow
Angle of
attack, o,
| B deg
I 6
p Angle of
\ i attack, a,
i deg
o & g
.6 \
R N
b T
i i R
-4 X
. l l-“\u
d F
2. 2 3]
1
i)
Lnl
&
13
0
.30 .48 .46 .30 .38 .46 .30 .38 .46

Outlet-inlet area ratio, Ag/A;
(b) One-cone (low-sngle cowl) inlet.

Pigure 8. - Continued. Effect of angle of attack on aerodynamic force coefficients.
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Plgure 8. - Continued. Effect of angle of attack on aerodynamic force coefficlents.
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Figure 8. - Continued. Effect of angle of attack on aerodynamic force a2oefficients.
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Normal force coefficient, Cy
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Pigure 10. - Comparison of theoretical and experimental normal force

coefficients during critical inlet operationm.
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